with remaining strength testing revealing no other weakness. There was no associated lymphadenopathy.
Laboratory tests, including a complete blood count with differential, a comprehensive metabolic panel, sedimentation rate, C-reactive protein, and lactate dehydrogenase levels, were normal.
Imaging studies included AP and lateral radiographs of the humerus (Fig. 1) and MRI (Fig. 2) .
Based on the history, physical examination, laboratory studies, and imaging studies, what is the differential diagnosis at this point?
Imaging Interpretation
The AP and lateral radiographs of her right humerus showed no observable soft tissue mass, calcification, or osseous abnormalities (Fig. 1) .
The MR images showed an elongated lesion with a fusiform pattern of enlargement that traveled along the course of the ulnar nerve in the cubital tunnel and measured 10.2 cm craniocaudal 9 1.5 cm transverse. The lesion was indistinguishable from the nerve and isointense with muscle on T1-weighted MR images ( Fig. 2A, B) , hyperintense to muscle on proton density MR images (Fig. 2C, D) , and showed peripheral enhancement on T1-weighted fat suppressed postgadolinium MR images (Fig. 2E, F) .
Differential Diagnosis
Benign peripheral nerve sheath tumors Chronic inflammatory demyelinating polyneuropathy Intraneural perineurioma Lymphoma Malignant peripheral nerve sheath tumors Each author certifies that he or she, or a member of his of her immediate family, has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved or waived approval for the reporting of this case and that all investigations were conducted in conformity with ethical principles of research.
A CT-guided core needle biopsy of the lesion was performed and histologic features of the lesion were examined (Fig. 3) . Based on the history, physical examination, laboratory studies, imaging studies, and histologic picture, what is the diagnosis and how should the patient be treated?
Histology Interpretation
Microscopic examination (Fig. 3) showed plump perineurial cells with a ''pseudo-onion bulb'' appearance around a central nerve axon and Schwann cells. Epithelial membrane antigen immunostaining (Fig. 4) was positive in the perineurial cells and negative in the central Schwann cells. S100 stain (Fig. 5) showed a positive central stain in the Schwann cells and negative in the surrounding perineurial cells. CD34 and CD31 stains were negative in the lesion.
Diagnosis
Intraneural perineurioma.
Discussion and Treatment
Intraneural perineurioma is a rare entity affecting young adults, most prevalently during the second decade of life, and affects males and females equally. [6, 12, 13] . In one study, a predilection for the upper extremity was reported [6] ; however, research has found a nearly equal incidence of upper and lower extremity involvement [12] [13] [14] . The definitive cause of these tumors is still being investigated [5, 10] .
Patients typically present with a painless mononeuropathy, which includes progressive weakness throughout affected muscles, classically sparing sensation [6, 11, 16] . In the largest study to date, 29 patients presented with a chief complaint of weakness or atrophy and only three with numbness or pain. All 32 patients eventually had weakness develop during the study period. The distribution of neuropathy was purely motor in five patients, predominantly motor in 26 patients, and motor and sensory in one patient (D) coronal proton density fat-saturated; (E) axial T1-weighted fat suppressed postgadolinium; and (F) coronal T1-weighted fat suppressed postgadolinium sequences show an elongated lesion, indistinguishable from the nerve, with a fusiform pattern of enlargement that travels along the course of the ulnar nerve in the cubital tunnel and is isointense to muscle on T1 sequences, hyperintense to surrounding muscle on proton density sequences, and peripheral enhancement on postgadolinium sequences.
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Medial Elbow Mass in an 18-year-old Woman 2159 [13] . Our patient presented with the chief complaint of paresthesias and had 4/5 weakness with small finger abduction on physical examination. The most sensitive imaging modality is MRI, on which an intraneural perineurioma is observed as a segment of fusiform enlargement with proximal and distal tapering [1, 13, 14] . The affected segment is hypointense to isointense to muscle on T1-weighted images and hyperintense to muscle on T2-weighted images. Most often there is avid, homogeneous, gadolinium enhancement [1, 13, 14] ; however, minimal to no postcontrast enhancement has been reported [4, 17] . Mauermann et al. [13] found nerve enlargement (29 of 32), usually fusiform (27 of 32), isointense to muscle on T1-weighted images (27 of 32), hyperintense to muscle on T2-weighted images (25 of 32), and avid contrast enhancement (20 of 20) in all patients who received intravenous gadolinium. In our patient, the MRI appearance of the lesion was unique, as the lesion showed typical T1-and T2-weighted imaging with mainly peripheral enhancement rather than central solid enhancement.
The definitive diagnosis of intraneural perineurioma was made by the characteristic pathology findings of concentric whorls of perineurial cells or ''pseudo-onion bulbs,'' that stain positive for epithelial membrane antigen, highlighting the perineurial cells [2, 14] . Additionally, staining negative for S100 protein differentiated perineurial cells from more common ''onion-bulb'' nerve sheath tumors (eg, schwannomas) [2, 14] . The concentric layers of cells seen resemble Schwann cell neoplasms which arise from the endoneurial layer surrounding the individual nerve axons as opposed to an intraneural perineurioma that arises from the perineurial layer surrounding the individual nerve fascicles [14] .
Imaging characteristics in this case were indeterminate, leading to a fairly broad differential diagnosis. Benign peripheral nerve sheath tumors (schwannoma and neurofibroma) have a similar clinical presentation, often showing significant hyperintensity on fluid-weighted sequences and are less elongated. They also may have a central area of low signal intensity, or ''target sign,'' which was not present [1, 20] . Owing to the elongated fusiform nature, focal chronic inflammatory demyelinating polyneuropathy was a consideration. Chronic inflammatory demyelinating polyneuropathy may present as a local progressive neuropathy without denervation changes, is isointense on T1-weighted sequences, hyperintense on T2-weighted sequences, and can show subtle peripheral enhancement [1, 20] . Schwannomas, neurofibromas, and chronic inflammatory demyelinating polyneuropathy all histologically stain negative for epithelial membrane antigen and are S100 positive [5] ; the reverse was seen in our case.
The nonspecific characteristics also raised the suspicion of lymphoma involving the peripheral nerve. Lymphoma can present as a mononeuropathy [7, 8] with no other apparent disease [20] . On MRI the nerve often appears mildly enlarged with an irregular to nodular appearance, mild to moderate hyperintensity on T2-weighted sequences, and mild enhancement of the entire nerve [20] . The diagnosis was excluded when hematoxylin and eosin-stained biopsy sections did not show the large, pleomorphic, and mitotically active lymphoid cells seen with lymphoma [7, 8] .
Malignant peripheral nerve sheath tumors are rare and ordinarily seen with syndromes (neurofibromatosis) or after radiation therapy [20] . They are difficult to diagnose owing to nonspecific imaging characteristics, histologic variation, and nonstandardized criteria for diagnosis [15, 20] . Irregular margins, nonenhancing areas not related to the ''target sign'' or speckling seen in benign lesions, and atrophy in muscles should increase suspicion for possible malignancy [20] . The lack of central enhancement seen on MR images was concerning for a possible malignant peripheral nerve sheath tumor; however, this was excluded based on our histology results. Characteristic histologic features of malignant peripheral nerve sheath tumors include wavy, buckled, or comma-shaped nuclei, a fascicular spindle cell proliferation with an abrupt transition between cellular and myxoid areas, perivascular accentuation (whirling of tumor cells around a vessel), and heterologous differentiation may be seen in 10% to 15% of cases (including rhabdomyosarcoma, osteosarcoma, chondrosarcoma, angiosarcoma, and or glandular differentiation), which were not present in our patient [9, 15] .
Intraneural perineurioma is a benign lesion of neoplastic perineurial cells, and to our knowledge, there have been no reports of this tumor undergoing malignant transformation. However, an intraneural perineurioma often is progressive, leading to weakness and potentially permanent functional impairment [5, 12, 15] . Surgical extirpation, with marginal or conservative wide excision, is definitive with no reported recurrence [5, 13] , but because resection requires removal of all or part of the nerve, postoperative impairment is expected. Gruen et al. [12] recommended surgical resection and autologous nerve grafting if no action potentials or low amplitude recordings were noted intraoperatively. In the literature review by Boyanton et al. [5] , they reported on 16 patients treated with surgical resection and nerve grafting or primary anastomosis; 31% (five) reported no improvement and 69% (11) showed some improvement in motor function. In 2009, Mauermann et al. [13] reported on 13 patients who underwent surgical interventions (eight tendon transfers without lesion resection; three tendon transfers with lesion resection and nerve grafting; and two lesion resections and nerve grafting without tendon transfer) with followup information for seven patients. Four patients experienced improvement in strength and function, two experienced initial improvement followed by progression of weakness, and one who had postoperative arthrofibrosis develop despite further treatment never showed improvement. Mauermann et al. [13] also noted that 12 patients had slow progression of sensory and motor deficits during a 3.5-year period. They believed the patients' tumors were slowly progressing if not static, having a low morbidity, and probably should not be resected routinely.
Cortes et al. [6] , based on a 9-year-old patient with good results postoperatively, recommended early surgical resection with reconstruction in the young patient. Improved recovery of function in children and adolescents compared with adults, regardless of method of repair, duration, or location of injury, has been reported [3, 6, [21] [22] [23] [24] . However, contradicting evidence also has shown disappointing outcomes in adolescents who were treated with surgical resection [6, 18, 19] .
Our patient was referred to a peripheral nerve surgeon for consultation regarding surgical resection. It has been 1 year since her diagnosis was made and she has yet to pursue further intervention.
